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HYDRAULICALLY COMPENSATED STABILIZER SYSTEM 



The present invention relates generally to the field of linkage control systems, and 
more particularly to stabilizers for vehicle suspension systems. In the present invention, 
hydraulic assemblies are coupled to a plurality of movable suspension members to control 
movement between the movable suspension members. 

All vehicles generally have some sort of suspension system to control movement of 
the vehicle during maneuvering, traveling through various terrains, loading the vehicle, and 
various other situations. Most vehicles have a combination of linkages, shock absorbers 
(e.g., air, gas, hydraulic, mechanical or spring, etc.), and stabilizer members arranged in a 
standard suspension architecture, such as SLE, MacPherson strut, MultiLink trailing arm, 
solid axle, etc. In general, the linkages facilitate movement of the wheels relative to the 
vehicle, the shock absorbers provide cushioning between the linkages and the vehicle, while 
the stabilizer members are provided to distribute a load between the various linkages for 
balancing the vehicle. 

The stabilizer members play an important role in balancing the vehicle during 
maneuvering and various load situations. For example, stabilizer members may be coupled 
between front and rear suspension assemblies to balance the vehicle during acceleration and 
deceleration. Stabilizer members also may be coupled between left and right suspension 
assemblies to balance the vehicle during maneuvering, such as left and right turns. The 
stabilizer members typically embody metallic bars and other members, which generally 
extend straight across from one suspension member to another. Accordingly, a pathway 
must exist between the desired suspension members for these stabilizer members to be 
installed in the vehicle. This configuration spatially constrains the positioning of other 
components of the vehicle, such as the engine and transmission. Installation of the 
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stabilizer members is also complicated due to dimensional variations between vehicles and 
the suspension members. For example, a particular line of vehicles may have tolerances in 
various components that cause an overall dimensional variation in the distance between the 
suspension members. 

There is a need, therefore, for an improved stabilizer system. There is a particular 
need for a stabilizer assembly that does not require a straight pathway between the 
suspension members and is relatively less sensitive to dimensional variations in the vehicle. 

SUMMARY OF THE INVENTION 

The present technique provides a stabilizer system comprising a plurality of piston 
cylinder assemblies, which have multiple interconnected chambers to provide cross 
compensation between suspension members coupled to those piston cylinder assemblies. 
The piston cylinder assemblies may have two or more chambers separated by pistons, which 
move in response to a load imposed on the suspension member coupled to that piston 
cylinder assembly. As the piston moves in response to movement of the corresponding 
suspension member, a fluid pressure is transmitted to another suspension member to 
distribute the load between the two suspension members. For example, the present 
technique may balance a load caused by maneuvering the vehicle between left and right 
suspension members or it may balance load caused by acceleration or deceleration between 
front and rear suspension members. Accordingly, the present technique is applicable to any 
vehicle having movable suspension members, including all sorts of automotive vehicles, 
motorcycles, bicycles, agricultural vehicles, public transportation vehicles, and any other 
suitable application. 

In one aspect, the present technique provides a stabilizer system for a suspension 
system. The system comprises first and second piston-cylinder assemblies each 
comprising a set of variable chambers. The system also includes first and second 
conduits, each coupled to a desired chamber from each set of variable chambers. The 
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first and second piston-cylinder assemblies are configured for coupling to, and load 
distribution between, first and second movable suspension members. 



In another aspect, the present technique provides a vehicle suspension stabilizer, 
which comprises a plurality of piston-cylinder assemblies having variable chambers and 
linkage members configured for coupling to movable suspension members. In this 
vehicle suspension stabilizer, multiple sets of the variable chambers are fluidly coupled to 
distribute forces between the movable suspension members. 



In another aspect, the present technique provides a method for stabilizing a 
suspension system. The method comprises mechanically coupling a plurality of piston- 
cylinder assemblies to a plurality of movable suspension members. The method further 
comprises fluidly intercoupling chambers from the plurality of piston-cylinder 
assemblies. 



In another aspect, the present technique provides a method for stabilizing a vehicle. 
The method comprises hydraulically balancing orientations of a plurality of suspension 
members in response to a load exerted on a first member of the plurality of suspension 
members. 



In another aspect, the present technique provides a method of forming a suspension 
stabilizer for a vehicle. The method comprises providing a piston-cylinder assembly having 
multiple chambers disposed about a piston assembly. The method further comprises 
intercoupling chambers of a plurality of the piston-cylinder assemblies to provide crosswise 
stabilization between vehicle suspension members connectable to the plurality of piston- 
cylinder assemblies. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other advantages of the invention will become apparent upon 
reading the following detailed description and upon reference to the drawings in which: 

5 Figure 1 is a front view of a vehicle having an exemplary suspension system of 

the present technique, wherein the suspension system comprises a fluid based stabilizer 
system; 

Figure 2 is a top view of the suspension system illustrated in Figure 1 ; 

Figure 3 is a front view of an alternate suspension system of the present 
technique; 

Figure 4 is a top view of the alternate suspension system; 

Figures 5 through 8 are front views of further alternate embodiments of the 
exemplary suspension system of the present technique; and 

Figures 9 through 12 are cross-sectional views of various embodiments of the 
exemplary fluid based stabilizer system of the present technique. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

Turning now to the drawings and referring first to Figure 1 , a vehicle is illustrated in 
accordance with the present technique and designated generally by reference numeral 10. 
25 The particular vehicle 10 may embody any automotive vehicle, motorcycle, bicycle, 

public transportation vehicle, trailer, or any other suitable application requiring cross 
stabilization between movable members. In this exemplary embodiment, the vehicle 10 
comprises a vehicle body 12, a frame 14, wheels 16, suspension arms 18 rotatably 
coupling the wheels 16 to the frame 14, spring assemblies 20 movably coupling the 
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suspension arms 18 to the vehicle body 12, and a stabilizer assembly 22 movably 
coupling the suspension arms 18. The stabilizer assembly 22 comprises a plurality of 
stabilizer devices intercoupled by connectors. For example, the stabilizer devices may 
comprise piston cylinder assemblies, while the connectors comprise fluid conduits. 
Alternatively, the stabilizer assemblies may comprise electrical mechanical devices, while 
the connectors comprise wiring and circuitry to facilitate cross compensation between the 
electrical mechanical devices. This exemplary configuration facilitates load distribution 
and motion stabilization without significant space constraints or dimensional 
dependencies on the various components of the vehicle 10. Moreover, as illustrated in 
Figures 1 through 8, the stabilizer assembly 22 may have any number of intercoupled 
stabilizer devices in any suitable configuration for interaction with the desired suspension 
assembly. 

As illustrated in the front and top views of Figures 1 and 2, the stabilizer assembly 
22 comprises stabilizers 24 and 26 and connectors 28 and 30, which are coupled to the 
stabilizers 24 and 26 to facilitate cross compensation of the opposite suspension arms 18. 
The stabilizer assembly 22 also may have a variety of sensors, electronics, computing 
circuitry, control systems and processors, and various other devices to facilitate control of 
the stabilizers 24 and 26. These various electronics and devices may form an independent 
control system or they may be linked to a central control system for the vehicle 10. As 
mentioned above, the stabilizers 24 and 26 may embody any suitable electrical 
mechanical devices, such as a linear electric motor, a hydraulic or pneumatic device, or a 
piston cylinder assembly. However, for illustrative purposes, the stabilizer assembly 22 
will be described as a fluid based piston cylinder system. 

In this exemplary embodiment of the stabilizer assembly 22, piston assemblies 32 
& 34 are disposed centrally within the stabilizers 24 and 26 to form chambers 36 & 38 
and 40 & 42, respectively. The piston assemblies 32 & 34 are then movably coupled to 
the suspension arms 18 via linkages 44 and 46, which are rotatably coupled to torque 
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arms 48 and 50 at joints 52 and 54, respectively. The torque arms 48 and 50 are coupled 
to the suspension arms 18 at a desired angle (e.g., 90 degrees) to facilitate interaction 
between the suspension arms 18 and the stabilizers 24 and 26. The stabilizers 24 and 26 
are also coupled to a central frame structure 56 via joints 58 and 60, respectively. 
Accordingly, the piston assemblies 32 & 34 of the stabilizers 24 and 26 are configured for 
movable interaction with the suspension arms 18. 

The stabilizer assembly 22 operates to stabilize motion and distribute a load 
applied to the suspension arms 18 by flowing fluid between chambers of the stabilizers 24 
and 26. Accordingly, the chambers 36 & 40 and 38 & 42 are intercoupled via the 
connectors 28 and 30, which may embody liquid, pneumatic, or other fluid conduits, as 
discussed above. The stabilizer assembly 22 also may have a variety of sensors for 
monitoring and controlling the stabilizers 22 and 26. For example, sensors 62 and 64 
may be coupled to the connectors 28 and 30 for monitoring pressure. These sensors 62 
and 64 also can be coupled to a control unit, such as a control unit for the vehicle 10 or 
for the stabilizer assembly 22. 

As illustrated in Figures 1 and 2 and described above, the stabilizers 24 and 26 of 
the stabilizer assembly 22 are intercoupled such that any movement (e.g., arrows 66 and 
68) of the wheels 16 and the suspension arms 18 will cause movement (e.g., arrows 70) 
of the respective piston assemblies 32 and 34, thereby transmitting fluid through the 
connectors 28 and 30 to facilitate balancing between the suspension arms 18. For 
example, the weight of the vehicle body 12 may shift as the vehicle 10 maneuvers 
through a turn, as the vehicle crosses a rough terrain, or as the vehicle is loaded with 
some sort of payload. Accordingly, one or both of the suspension arms 18 may be forced 
to rotate about pivot joints 72, which rotatably couple the suspension arms 18 to the 
frame 14. 
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For example, the left suspension arm 18 may be forced to rotate upwardly, 
causing the piston assembly 32 to move rightwardly through the stabilizer 24. This 
rightward movement of the piston assembly 32 expands the chamber 36 and creates a 
vacuum, which draws fluid from the chamber 40 through the connector 28 and induces 
the piston assembly 34 to move leftwardly through the stabilizer 26. Accordingly, the 
leftward movement of the piston assembly 34 forces the right suspension arm 18 to rotate 
upwardly about the pivot joint 72. The rightward movement of the piston assembly 32 
also contracts the chamber 38, thereby forcing fluid to flow through the connector 30 to 
the chamber 42 of the stabilizer 26. This fluid flow induces the piston assembly 34 to 
move leftwardly through the stabilizer 26. Again, this leftward movement of the piston 
assembly 34 forces the right suspension arm 18 to rotate upwardly about the pivot joint 
72. Accordingly, as described above, the stabilizer assembly 22 distributes the motion or 
load on the left suspension arm 18 between the left and right suspension arms 18 to 
provide a desired balance and stabilization between the left and right suspension arms 18. 

As mentioned above, the suspension arms 18, the torque arms 48 and 50, the 
linkages 44 and 46, and the stabilizers 24 and 26 may embody a variety of the 
configurations. As illustrated in Figure 2, the suspension arms 1 8 have a V-shaped 
configuration, which has ends 74 and 76 disposed about hinge portions 78 of the frame 
14. The stabilizers 24 and 26 are then coupled to the torque arms 48 and 50 at the ends 
76. In this exemplary embodiment of Figures 1 and 2, the stabilizer assembly 22 may 
have additional sets of the stabilizers 24 and 26 coupled to the ends 74 and 76. 



An alternate embodiment of the suspension arms 1 8 and the stabilizer assembly 
22 is illustrated by the front and top views of Figures 3 and 4. In this alternate 
embodiment, the suspension arms 18 embody a straight structure, which is rotatably 
disposed in a U-shaped hinge portion 80 of the frame 14. Additionally, the stabilizers 24 
and 26 are coupled to the frame via independent mount structures 82 and 84, rather than 
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the central frame structure 56 illustrated in Figures 1 and 2. The operation of the 
stabilizer assembly 22 is similar to that described above with reference to Figures 1 and 2. 

The stabilizers 24 and 26 also may be coupled directly to the suspension arms 18, 
as illustrated in Figure 5. In this alternate embodiment, the stabilizers 24 and 26 are 
coupled to the suspension arms 18 and the vehicle body 12 at joints 82 and 84, 
respectively. The operation of the stabilizer assembly 22 is similar to that described 
above with reference to Figures 1 and 2. In this direct mount configuration, the 
stabilizers 24 and 26 may replace the spring assemblies 20 illustrated in Figures 1 and 2. 

The stabilizers 24 and 26 also may be coupled to upper and lower portions of the 
frame 14, as illustrated in Figure 6. In this alternate embodiment, the stabilizers 24 and 
26 are coupled to upper and lower mount structures 86 and 88 at joints 90 and 92, 
respectively. Additionally, the chambers 36 and 40 are intercoupled via the connector 30, 
while the chambers 38 and 42 are intercoupled via the connector 28. The operation of the 
stabilizer assembly 22 is similar to that described above with reference to Figures 1 and 2, 
except that the chambers are connected in a different configuration to achieve load 
distribution and motion stabilization. For example, the left suspension arm 18 may be 
forced to rotate upwardly, causing the piston assembly 32 to move rightwardly through 
the stabilizer 24. This rightward movement of the piston assembly 32 expands the 
chamber 36 and creates a vacuum, which draws fluid from the chamber 42 through the 
connector 28 and induces the piston assembly 34 to move rightwardly through the 
stabilizer 26. Accordingly, the rightward movement of the piston assembly 34 forces the 
right suspension arm 18 to rotate upwardly about the pivot joint 72. The rightward 
movement of the piston assembly 32 also contracts the chamber 38, thereby forcing fluid 
to flow through the connector 30 to the chamber 40 of the stabilizer 26. This fluid flow 
also induces the piston assembly 34 to move rightwardly through the stabilizer 26. 
Again, this rightward movement of the piston assembly 34 forces the right suspension 
arm 18 to rotate upwardly about the pivot joint 72. Accordingly, as described above, the 
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stabilizer assembly 22 distributes the motion or load exerted on one or both of the 
suspension arms 18 between the suspension arms 18 to provide a desired balance and 
stabilization between the suspension arms 18. 

5 The stabilizer assembly 22 also may have multiple stabilizers coupled to each of 

the suspension arms 18, as illustrated in Figures 7 and 8. In these alternate embodiments, 
the stabilizer assembly 22 includes stabilizers 94, 96, 98 and 100, which have piston 
assemblies 102, 104, 106 and 108 and piston linkages 1 10, 1 12, 1 14 and 1 16, 
respectively. The stabilizers 94, 96, 98 and 100 are coupled to the frame 14 at mount 
10 structures 118, 120, 122 and 124 via joints 126, 128, 130 and 132, respectively. The 
□ mount structures 118, 120, 122 and 124 are oriented in the upper left-hand portion, the 

jTj upper right-hand portion, the bottom left-hand portion, and the bottom right-hand portion 

of the frame 14, respectively. The piston linkages 1 10, 1 12, 1 14 and 1 16 are rotatably 

¥ coupled to the left-hand and right-hand suspension arms 18 at torque arms 134, 136, 138 

r\ 

15 and 140 via joints 142, 144, 146 and 148, respectively. As illustrated, the torque arms 

134 and 138 are disposed adjacent the pivot joint 72 and are oriented in the upper and 
O lower portions of the left-hand suspension arm 1 8, respectively. The torque arms 136 and 

Q 140 are disposed adjacent the pivot joint 72 and are oriented in the upper and lower 
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portions of the right hand suspension arm 18, respectively. 



In these alternate embodiments, only one chamber from each of the stabilizers 94- 
100 is intercoupled with a chamber from another one of the stabilizers 94-100. As 
illustrated, the stabilizers 94, 96, 98 and 100 include outer chambers 150, 152, 154 and 
158, which are defined by the piston assemblies 102, 104, 106 and 108 opposite the 
25 piston linkages 110, 112, 114 and 116, respectively. In this quad- stabilizer configuration, 

the outer chamber 154 is coupled to the outer chamber 152 via the connector 28, while 
the outer chamber 150 is coupled to the outer chamber 156 via the connector 30. 
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As noted above, the embodiments of Figures 7 and 8 have similar features, except 
that the alternate embodiment of Figure 8 includes compensators 160 and 162 disposed 
along the connectors 28 and 30, respectively. The compensators 160 and 162 may be 
provided to compensate for volume or pressure differentials between the outer chambers 
5 154 & 152 and 150 & 156, respectively. Alternatively, the compensators 160 and 162 

may provide further stability between the left and right suspension arms 18 by controlling 
or stabilizing the fluid flow between each set of the outer chambers (i.e., outer chambers 
154 & 152 and 150 & 156). Accordingly, the compensators 160 and 162 may comprise 
control members 164 and 166, which may include piston cylinder assemblies, spring 
10 assemblies, diaphragms, flexible seals, and other volume or pressure controlling 
assemblies using metal, plastic, urethane or any suitable material. 

d 
d' 

g The alternate embodiments illustrated in Figures 7 and 8 have similar operations, 

't! except for the operation of compensators 160 and 162 in the embodiment of Figure 8. 

Q 1 5 For example, the left suspension arm 1 8 may be forced to rotate upwardly, causing the 

piston assembly 102 to move rightwardly through the stabilizer 94 and causing the piston 
assembly 106 to move leftwardly through the stabilizer 98. The rightward movement of 

; fl the piston assembly 102 contracts the outer chamber 150, thereby forcing fluid to flow 

Q 

\=l through the connector 30 to the chamber 156 of the stabilizer 100. The fluid flow into the 

20 chamber 156 then causes a rightward movement of the piston assembly 100. This 

rightward movement of the piston assembly 100 forces the torque arm 140 to rotate the 
right suspension arm 18 upwardly about the pivot joint 72. The leftward movement of 
the piston assembly 106 expands the outer chamber 154 and creates a vacuum, which 
draws fluid from the outer chamber 152 through the connector 28 and induces the piston 
25 assembly 104 to move leftwardly through the stabilizer 96. Accordingly, the leftward 

movement of the piston assembly 96 forces the torque arm 136 to rotate the right 
suspension arm 18 upwardly about the pivot joint 72. The foregoing stabilization 
mechanism operates in a similar manner, whether the stabilizer assembly 22 is reacting to 
movement of one or all of the suspension arms 1 8. Accordingly, as described above, the 
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stabilizer assembly 22 distributes the motion or load exerted on one or both of the 
suspension arms 18 between the suspension arms 18 to provide a desired balance and 
stabilization between the suspension arms 18. 

As mentioned above, the present technique may utilize various volume and 
pressure compensators to accommodate volume differentials between intercoupled 
chambers and to provide additional stabilization between the stabilizers 24 and 26. 
Although the stabilizers 24 and 26 may simply embody dual chamber enclosures having a 
single piston assembly, the stabilizer assembly 22 may incorporate relief valves, pressure 
regulators, volume expansion/contraction chambers, diaphragms, overflow chambers, 
spring assemblies, and various other mechanisms to control volume and pressure 
differentials. The embodiment of Figure 8 incorporates the compensators 160 and 162 
into the connectors 28 and 30, respectively. However, any of the foregoing features may 
be incorporated into the connectors 28 and 30, the chambers 36-42, the piston assemblies 
32 and 34, or any portion of the stabilizer assembly 22. 

Figures 9-12 illustrate various embodiments of the stabilizers 24 and 26 and the 
corresponding piston assemblies 32 and 34, respectively. In these exemplary 
embodiments, one or both of the piston assemblies 32 and 34 comprise multiple pistons 
disposed about a central chamber having a spring or compressible fluid, such as a liquid 
or gas. Accordingly, the central chamber accommodates pressure and volume 
differentials as fluid is transferred between chambers 36 and 40 and chambers 38 and 42. 

In the embodiment of Figure 9, the piston cylinder assemblies 32 and 34 comprise 
piston members 168 & 170 and 172 & 174 disposed about central chambers 176 and 178 
having spring assemblies 1 80 and 1 82, respectively. The piston cylinder assemblies 32 
and 34 are disposed about sections 184 and 186 of the linkages 44 and 46, respectively. 
These sections 184 and 186 have diameters 188 and 190, which are relatively smaller 
than diameters 192 and 194 of the linkages 44 and 46, respectively. Accordingly, 
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movement of the piston cylinder assemblies 32 and 34 is limited to expansion and 
contraction within the sections 184 and 186, respectively. The piston members 168, 170, 
172 and 174 are movably sealed along their respective sections 184 and 186 via inner seal 
members 196, 198, 200 and 202, respectively. The piston members 168, 170, 172 and 
174 are also movably sealed within the stabilizers 24 and 26 via outer seal members 204, 
206, 208 and 210, respectively. These seal members 196-210 may embody any suitable 
seal structure and material, such as a rubber, plastic or metallic O-ring. 

Operation of the stabilizer assembly 22 of Figure 9 is best illustrated by example. 
If the left suspension arm 18 is forced to rotate upwardly, then a force 212 is exerted on 
the linkage 44 of the stabilizer 24. The piston assembly 32 is then forced to move 
rightwardly through the stabilizer 24. This rightward movement of the piston assembly 
32 expands the chamber 36 and creates a vacuum, which draws fluid from the chamber 
40 through the connector 28 and induces the piston assembly 34 to move leftwardly 
through the stabilizer 26. However, the volumes of chambers 36 and 40 are not equal, 
because chamber 36 is partially consumed by the linkage 44. Accordingly, one or both of 
the piston assemblies 32 and 34 may operate to accommodate the volume differential 
between the chambers 36 and 40. For example, the piston members 168 and 170 may 
contract in the central chamber 176 and/or the piston members 172 and 174 may expand 
in the central chamber 178. However, in the present example, the force 212 is being 
applied against the piston member 168, which is abutted against the diameter 192 of the 
linkage 44. This interaction may limit the foregoing contraction or expansion by the 
piston members 168 and 172. Instead, the volume differential may be accommodated 
between the chambers 38 and 42. In either case, the rightward movement of the piston 
assembly 34 forces the right suspension arm 18 to rotate upwardly about the pivot joint 
72, while the piston assemblies 32 and 34 maintain a pressure or volume balance within 
the stabilizer assembly 22. 
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The rightward movement of the piston assembly 32 also contracts the chamber 38, 
thereby forcing fluid to flow through the connector 30 to the chamber 42 of the stabilizer 
26. This fluid flow induces the piston assembly 34 to move leftwardly through the 
stabilizer 26, thereby forcing the right suspension arm 18 to rotate upwardly about the 
pivot joint 72. Again, the volumes of chambers 38 and 42 are not equal, because 
chamber 42 is partially consumed by the linkage 46. Accordingly, one or both of the 
piston assemblies 32 and 34 may operate to accommodate the volume differential 
between the chambers 38 and 42. In this scenario, the piston member 174 may contract 
inwardly in the central chamber 178 to accommodate the larger volume being transferred 
from the chamber 38 to the chamber 42. However, as the stabilizer assembly 22 transfers 
fluids simultaneously between the chambers 36 & 40 and 38 & 42, forces are exerted on 
both ends of the piston assemblies 32 and 34 due to the volume differentials between 
those respective chambers. Accordingly, these volume differentials may at least partially 
cooperate to facilitate the desired movement of the linkages 44 and 46, while the piston 
assemblies 32 and 34 may accommodate any remaining pressure differentials, volume 
differentials, or time response lags between the linkages 44 and 46. Again, as described 
above, the stabilizer assembly 22 distributes the motion or load exerted on one or both of 
the suspension arms 1 8 between the suspension arms 1 8 to provide a desired balance and 
stabilization between the suspension arms 18. During this balancing or stabilizing 
process, the piston assemblies 32 and 34 maintain a pressure or volume balance within 
the stabilizer assembly 22. 

The embodiment illustrated in Figure 10 has similar features to that of Figure 9, 
with several exceptions. As in Figure 9, the piston cylinder assemblies 32 and 34 
comprise piston members 168 & 170 and 172 & 174 disposed about central chambers 176 
and 178 having spring assemblies 180 and 182, respectively. The piston cylinder 
assemblies 32 and 34 are also disposed on sections 184 and 186 of the linkages 44 and 
46, respectively. However, in this alternate embodiment, the piston members 168 and 
174 are fixedly coupled to the linkages 44 and 46, while the piston members 170 and 172 
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remain movably sealed along their respective sections 184 and 186 via the inner seal 
members 198 and 200, respectively. The piston members 168, 170, 172 and 174 also 
remain movably sealed within the stabilizers 24 and 26 via the outer seal members 204, 
206, 208 and 210, respectively. Accordingly, the stabilizer assembly 22 operates similar 
to that described above with reference to Figure 9, except that the piston assemblies 32 
and 34 are variable only by movement of the piston members 170 and 172, respectively. 

The embodiment illustrated in Figure 1 1 also has similar features to that of Figure 
9, with several other exceptions. In this alternate embodiment, the piston cylinder 
assemblies 32 and 34 comprise support members 214 & 216 and 218 & 220, which are 
disposed about the central chambers 176 and 178 and the spring assemblies 180 and 182 
on sections 184 and 186 of the linkages 44 and 46, respectively. The piston cylinder 
assemblies 32 and 34 also have piston members 222 & 224 and 226 & 228 disposed 
about the support members 214 & 216 and 218 & 220 along the larger diameters 192 and 
194 of the linkages 44 and 46, respectively. Accordingly, in this configuration, the piston 
members 222 & 224 and 226 & 228 are allowed to move freely along the linkages 44 and 
46 independent of the central chambers 176 and 178 and the spring assemblies 180 and 
182, respectively. The piston members 222, 224, 226 and 228 are movably sealed along 
their respective sections of the linkages 44 and 46 via inner seal members 230 & 232, 234 
& 236, 238 & 240 and 242 & 244, respectively. The piston members 222 & 224 and 226 
& 228 are also movably sealed within the stabilizers 24 and 26 via outer seal members 
204, 206, 208 and 210, respectively. As discussed above, the foregoing seal members 
may embody any suitable seal structure and material, such as a rubber, plastic or metallic 
O-ring. Accordingly, the stabilizer assembly 22 illustrated in Figure 1 1 operates similar 
to that described above with reference to Figure 9, except that the piston assemblies 32 
and 34 have additional volume control as provided by the freely movable configuration of 
the piston members 222-228. In operation, the piston members 222-228 freely move 
within their respective chambers until the volume or pressure differential is sufficient to 
force the piston members 222-228 against their respective support members 214-220. In 
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a sense, the central cavities 176 and 178 and corresponding spring assemblies 180 and 
182 act as overflow chambers or pressure regulators for the chambers 36-42, which are 
otherwise freely variable by the piston members 222-228. 

The embodiment illustrated in Figure 12 has similar features to that of Figure 11, 
with a significant modification to the stabilizer 24. In this alternate embodiment, the 
stabilizer 26 has essentially the same features as illustrated in Figure 11, while the 
stabilizer 24 has a simplified piston cylinder structure. The piston cylinder assembly 32 
comprises a single piston member 246, which is fixedly coupled to an end of the linkage 
44 and is movably sealed within the stabilizer 24 via an outer seal member 248. As in 
Figure 1 1, the piston cylinder assembly 34 comprises the piston members 226 and 228 
disposed freely about the support members 218 and 220 and the spring assembly 182. In 
this configuration, the central chamber 178 and the corresponding components 
accommodate the pressure and volume differentials for both pairs of chambers 36 & 40 
and 38 & 42. Accordingly, the stabilizer assembly 22 illustrated in Figure 1 1 operates 
similar to that described above with reference to Figure 9, except that the piston 
assemblies 32 and 34 only provide volume control in the chambers 40 and 42. 

While the invention may be susceptible to various modifications and alternative 
forms, specific embodiments have been shown by way of example in the drawings and 
have been described in detail herein. However, it should be understood that the invention 
is not intended to be limited to the particular forms disclosed. Rather, the invention is to 
cover all modifications, equivalents, and alternatives falling within the spirit and scope of 
the invention as defined by the following appended claims. 
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